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Introduction

Heavy Kaluza-Klein gauge bosons search at the LHC
The LHC is expected to be ready for colliding beams at the end of 2009. It is designed to collide proton beams at 14 TeV, the highest CM energy ever reached in a laboratory. It will greatly enlarge the kinematic region for the search for physics phenomena Beyond the Standard Model (BSM). Several BSM theories predict the existence of other dimensions in addition to the usual three spatial and one time dimension. These models allow various particles to propagate into the extra-dimensional bulk. The TeV −1 ED model considered here allows the KK modes of SU(2) × U(1) gauge fields to propagate into the extradimensional bulk while restricting all the matter fermions and the SU(3) gauge fields to be localized in the usual 3d brane [5] [6] [7] . One objective of the LHC program in the context of these models is to search for a signal of the first excited KK mode of the SU(2) × U (1) gauge fields, denoted by γ * and Z * .
A popular model that does not involve extra dimensions is also considered for compari-
son. An extra heavy boson arising from the breaking of the E 6 group [8, 9] is assumed. The signal of this extra heavy boson, denoted by Z ′ , can demonstrate similar characteristics to the KK signal for which a technique to distinguish between the two models is required.
Another popular possibility that is not considered in this paper is the RS [10] model that predicts the existence of Kaluza-Klein spin-2 gravitons, denoted by G. In some models, the mass of first KK graviton excitation can be the same as the mass of the spin-1 γ * /Z * or Z ′ , and therefore, there is a need to identify the G signature and especially its spin.
In this paper, the signature of the first two cases is studied where the produced bosonic candidates from either the Standard Model (SM) γ/Z 0 bosons, the heavy KK γ * /Z * bosons, or the extra bosons Z ′ , decay all into charged leptons.
This KK model is particularly interesting because of the strong destructive interference that manifests itself at much lower invariant masses comparing to the resonance itself.
In this model this will always occur for masses around half of the resonance mass. For example, with a resonance at 4 TeV, this will occur around 2 TeV. Therefore, at the LHC, the suppression of the cross section can be observed much earlier than the resonance itself.
This will not happen for the various Z ′ possible signals that go along with the SM Z-line shape up to masses near the Z ′ resonance [11] .
Powerful methods to quantify the sensitivity for BSM physics at the ∼1 TeV scale are presented. For an observed resonance above a small SM background around ∼4 TeV, a measurement of the charged lepton kinematic distributions can provide the discrimination between the two spin-1 BSM models presented in this paper. The sensitivity for this discrimination depends on the LHC luminosity and the collisions energy, and it should be possible already with an integrated luminosity of L=100 fb −1 by applying the Kolmogorov test on the invariant mass and the angular distributions 3 . This measurement can also quantify some interesting physical aspects of the new models and support the discrimination between them to some extent. The main observable that is extracted, in this context, is the forward backward asymmetry 4 of the angular distributions. Although it is not shown here, this measurement can enable the classification of the resonance as spin-1 or, for instance, spin-2 to some extent 5 . Further consistent experimental studies on Z ′ , γ * /Z * and the G possible signals in the LHC can be found elsewhere [12] [13] [14] [15] .
Project overview
Many processes are implemented in standard event generators, however, there are numerous specific BSM processes which are not modeled. This framework can be used to integrate various new BSM processes with the standard event generator Pythia8. New processes can of course be directly implemented in Pythia8 where there is a special interface class to that job. In some cases it is natural and convenient to integrate the new model. In other cases, it may turn out to be more complex. In that light, the Moses framework has some advantages. It allows, for instance, to utilize the interfaces with the standard
HepPDT, LHAPDF and ROOT tools. In addition, the Moses structure enables to form new independent modules that assemble the new model, as it was originally built to allow programming of complicated models with several non-standard aspects like the KK model.
In the new BSM models, we include new models where two initial state particles interact and create a maximum of three final state particles, ie, 2 → 1, 2 → 2 and 2 → 3 hardprocesses described by a differential cross-section function, as these are the constraints introduced by Pythia8. Within Moses, these processes (cross-section functions) can be 3 The Kolmogorov test is applied between the pseudo-data samples and the MC reference samples. 4 There is a big difference between the KK and Z ′ asymmetry where the KK behave similar to the SM. 5 For that purpose, the full angular distribution, of both decay angles, can be used [16] .
both analyzed independently and interfaced with Pythia8 to generate the corresponding fully simulated physics events.
Pythia8, the new generation of the commonly used event generators, Pythia, is a powerful and convenient tool. Of the most important feature in this context, is the care that has been taken to allow user supplied hard subprocesses to be quickly and fully integrated into the Pythia8 framework. This was the reason the Moses framework was developed on top of Pythia8, and will be enhanced with more interfaces and examples in the future.
It is suggested that introducing new processes will be forehanded by a validation procedure using analogous processes. Since the presented KK implementation has many common characteristics with the corresponding SM implementation, a validation procedure was adopted. The internal Pythia8 SM process was reproduced as a user process but while adjusting the helicity-amplitude formalism intended for the KK scenario. The helicity amplitude was sent to Pythia8 using its standard SigmaProcess interface class. The 2 → 2 interface was used although it is also possible to utilize the 2 → 1 production and subsequent 1 → 2 decay. The externally generated events were then compared with those from the self internal implementation subprocesses of Pythia8. Throughout the following sections, the "external / internal processes" nomenclature will be used in this context. Throughout the presented work the MRST2001lo parton distribution set [17] was used.
Validation processes
In the following section two methodical case studies are presented to validate the implementation of the external processes against Pythia8's internal processes; (a) the SM e + e − → γ → µ + µ − at low energies where the contribution of the Z 0 boson is negligible and (b) the SM→ γ/Z 0 → l + l − at higher energies where the contribution of the Z 0 is dominant. Apart from the validation objective of these two examples, it is worthwhile going through these cases in some detail since it will also serve to rigorously explain the formalism used in the remainder of this paper.
3.1
The SM s-channel photon exchange e
In this case the Pythia8 output of the estimated total cross section values using the external implementation and using Pythia8's internal scheme are compared. The integrated total cross section σ(s),
where = c = 1, can be realized by averaging the differential cross section over all the incoming helicity states, (corresponding to an unpolarized beam), by summing over all the outgoing helicity states, (corresponding to an unmeasured final polarization state) and by integrating over the solid angle dΩ. The differential cross section itself in terms of the helicity of the incoming electron λ e − and the helicity of the outgoing muon λ µ − is
e e e µ s
where, √ s is the collision's CM energy, the quantities e e e µ are the charges (in units of the proton charge) of the leptons, see the corresponding tree-level diagram in Fig 1 . The number of possible incoming helicity states (2S e + + 1) (2S e − + 1) is expressed here in terms of the spins of the colliding particles. From helicity conservation, it is sufficient to sum only over the helicity states of the incoming electron and the outgoing muon. Finally, the polar angle θ is the angle of the outgoing µ − relative to the incoming e − (with the azimuthal angle φ, distributed uniformly). If one is to use the differential cross section from Eq 2 in the SigmaProcess 2 → 2 interface class of Pythia8, it is expected to be given in the Mandelstam variable t related to cos θ as
The transformation introduces an extra 2 s factor in the cross section. Note that by doing so, the differential cross section is now dimensionally different than the previous by 1 s and therefore has the units of GeV −4 , as required by Pythia8,
After integrating over the azimuthal angle φ, the correct function given to Pythia8 is
2
(1 + 4λ e λ µ cos θ)
One can use Eq 5 to generate events with low CM (CM) energy -at 20 GeV, far enough below the Z 0 pole. In this case it acceptable to ignore at the first approximation the Z 0 contribution. All parton-level switches are turned off so the events are generated up to the level of the hard-process (ie, no parton showering, hadronization, kinematic cuts, etc.)
For comparison, the generation of the hard-subprocess is performed using the above but also repeated with the same run conditions and with the same sample size of 1M events but simply calling the internal process. In fact, in Pythia8 this is usually performed in two steps; the 2 → 1 production and then the 1 → 2 decay. However, the statistical error involved in the 2 → 1 production is very small since the angle is already integrated out and therefore, all phase space points will be the same and evaluate to the same value.
Therefore, the error which is subjected to roundoff errors, is unrealistic small and can be ignored. For this reason, there's also a less familiar 2 → 2 implementation (in Pythia8) which was chosen for comparison since in this way one can get different cross sections depending on the angle selected on event by event basis and that leads to different event weights, which implies a realistic statistical error but also a lower efficiency. The 2 → 2
Pythia8 internal implementation had to be slightly modified to fix the final state at µ + µ − .
The external function (see Eq 5) describes the same process and was implemented as a 2 → 2 with the intermediate photon included explicitly in it. The results are summarized in Table 1 where the agreement between these two values is to within ∼1-sigma. 
As with the previous example, this process can also provide useful information when validating our mechanism. As before, all parton-level switches are turned off. The first stage is to compare the estimated total cross section values of the external implementation with the internal implementation from Pythia8 for the hard process products only. The second stage is the detailed comparison of the differential cross sections.
Since initially the focus was only on low masses, only the γ contribution was taken into account. At higher energies we must fully take into consideration the contributions from the Z 0 boson and γ − Z 0 interference terms. By looking only at the leptonic final states which are produced by the s-channel processes we can ignore the more general→ ff processes produced by both the s-and the t-channel exchange where f can be any fermion.
This is experimentally useful, since the background from the SM QCD interactions were quark and gluon final states to be considered would be very high.
Hadronic level: pp
The Drell-Yan cross section forannihilation to a charged lepton pair via an intermediate massive photon can be easily obtained from the fundamental e + e − → γ → µ + µ − cross section by the introduction of the appropriate color N q C factors and by replacing the electron charge with that of the quark,
and the overall color factor
arises from to the fact that only when the color of the quark matches the color of the antiquark can annihilation into a color-singlet, leptonic, final state take place.
The quantityŝ introduced here, as well ast which will be introduced below are the partonic Mandelstam variables while s and t are these defined for the incoming hadrons.
In general, the incoming quark and antiquark will have a spectrum of CM energies and it is more appropriate to consider the hadronic differential cross section dσ dŝ
. In order to obtain this, one can start from the CM frame of the 2 hadrons. In this frame, the four momenta, p µ 1 and p µ 2 of the incoming partons may be written as
The square of the parton CM energyŝ is related to the corresponding hadronic quantity byŝ = x 1 x 2 s. Folding in the parton distribution functions for the initial state quarks and antiquarks gives the hadronic differential cross section in terms of x 1 and x 2 ,
where F q is the parton density function of species q. The quantity Q is the factorization scale, usually taken to be the invariant mass, √ŝ . From beam symmetry, the substitution {1 ↔ 2} is equivalent to simply multiplying the whole expression by 2. To obtain the hadronic differential cross section the transformation from x 1 and x 2 toŝ and y is necessary,
ln (
where y is the rapidity of the pair. The transformation given in Eq 8 involves a Jacobian which reduces to the constant 
where the boundaries ±y 0 are determined from both x 1 and x 2 being constrained between 0 and 1 so that
. It is sometimes useful to replace the transformation Jacobian with the equivalent expression,
The differential cross-section function which Pythia8 takes should describe the hard-process itself. It should not be given as the (hadronic) differential cross section and it should not include any parton density functions. This is becauseŝ is being determined separately for every generated event and since the evolution of the parton distributions is performed internally by Pythia8. This is similar to the e + e − → γ → µ + µ − process considered previously where only the hard process was considered. Inserting thet dependency, the function given to Pythia8 becomes
where this is written in the CM frame of the incoming partons. The angle θ * is the polar angle in the CM frame between the incoming q and the outgoing l − in contrast to the polar angle, θ, in the lab frame.
A qq final state
So far account has only been taken for the s-channel γ exchange, since only the leptonic final state, different from the initial state, at only low energies has been considered. To generalize this Drell-Yan annihilation to any pair of fermions,→ γ → ff , Eq 10 must be modified. The cross section has to be multiplied by the appropriate color factor N f C and all the existing lepton indices must be substituted with corresponding fermion indices
Doing so, it is apparent that in the general di-fermion final state the contribution of the t-channel exchange should also be considered. This is since the di-fermion final state can consist of the same (annihilated) quark-antiquark pair,→ ff = (qq) same and the exchange can take place in either of the s-channel or the t-channel either with photon or gluon exchange as can be seen in Fig 2. Thus, a di-jet final state can also be observed. Indeed, the cross section should be much larger than for the di-lepton final state. However, the contribution of the s-channel γ exchange to this di-jet final state is negligible since the electroweak interaction is much weaker than the strong interaction. Therefore, this channel will be dominated by the exchange of a gluon, either in the s-or the t-channel. The tchannel exchange is expected to be significantly larger than the corresponding s-channel exchange, in particular at forward angles. However, experimentally it depends on the transverse momentum cut, p T , applied on the outgoing quark, or jet, hadronic state. The t-channel exchange predominantly produces events with smaller p T . In addition, there are significantly more QCD diagrams involving gluons in the initial and final states which can lead to di-jet production. In practice, it is not possible to distinguish between the initial state and the final state sources. It is very difficult to distinguish between a quark and qc
The competing amplitudes for a production of a di-quark final state. The notations c, c ′ ,c,c ′ account for the correct color flow. The leading contributions come from the gluons exchange.
gluon jet, unless for instance, it can be identified as a b-jet by the presence of a displaced vertex. In principle it may be possible to suppress the t-channel contributions by a rejection based on the di-jet system p T . Nevertheless, for simplicity, the remainder of this paper will address only di-lepton production from s-channel exchange.
Including the
With increasing energies, around and above the Z 0 pole, the s-channel Z 0 intermediate state and interference terms must be included. The helicity amplitude of the Z 0 boson has to be added to the photon amplitude, e q e l /ŝ, to account for the correct interference effects,
Here, the SM coupling constants [18] of the Z 0 gauge boson to the involved fermions are, 
To account for radiative corrections, the relation
used, where G µ is the muon decay constant and m W is the W boson mass. The corrected expression for the partial decay width is
Finally, the differential cross section in its LO takes the form
In this context it is worth mentioning that self-formulated coupling constants were used in Eq 12. These can be transformed into the Pythia8 coupling constants,
given by the CoupEW class. The couplings used in Moses can be modified without causing undesired behavior in Pythia8. Thus, they provide secure flexibility to probe non-SM phenomena that depend on them. The same considerations are also relevant for the widths.
The angular decay asymmetry
To expand the previous discussion it is useful to define two additional reference frames:
(a) the colliding proton CM frame denoted by O (this frame is identical to the laboratory frame) and, (b) the rest frame of the di-lepton system denoted by O * . Neglecting higher order processes, the di-lepton system is, in general boosted along the beam axis. The z-axis is arbitrarily chosen as the direction of one of the beams, and it is then identical for O and O * frames. One of the primary observables for this process is the forward-backward asymmetry that can be extracted from the distribution of cos θ * in the O * frame. By definition, it is the cosine of the angle between the quark and the lepton directions in the O * frame. It should be noted that there is a sign ambiguity in the measurement of cos θ * , since for a particular event, there is no information about whether the incoming quark comes from the positive or negative z directions. Instead, it is useful to consider the quantity cos θ * β , where θ * β is the angle between the di-lepton system boost β (relative to the O frame) and the lepton direction
where the boost vector is β =
. In order to obtain p * l , the boost vector of the dilepton system should be found and the transformation to the O * frame should be performed.
Neglecting higher order processes, the boost is confined to the |z| direction, that is, β = βẑ, and can be measured so that there is no sign ambiguity in determining cos θ * β . The next step is to calculate the forward-backward asymmetry A f b . Here we define
where, in the absence of any detector cuts applied, the quantity dσ f /b /dŝ is given by
Since the integrand is given in terms of cos θ * it should be rewritten to enable re-classification of the forward and backward definitions. This can be done by separating into different rapidity contributions since y and β have the same sign,
where y 0 is the rapidity kinematic limit (see Eq 9) and the form of Eq 17 remains the same
The integration over y in Eq 19 is performed asymmetrically and thus, the relation in Eq 7 cannot be used. Therefore, in the hadronic level the differential cross section is usually separated into two terms with respect to cos θ * : Symmetric and Anti-symmetric denoted by S and A. This enables the separate contributions that form the forward-backward asymmetry to be identified,
where the Symmetric and Anti-symmetric combinations G S/A=+/− q that involve the parton density functions of the colliding hadrons are defined
where x 1 and x 2 can be written in terms of y andŝ so G q is in fact a function of y andŝ.
The terms S q and A q can be realized from the helicity amplitude:
whereM λqλ l from Eq 11 is sensitive to the couplings of the Z 0 boson to the different families of SM fermions. Using Equations 20, 21 and 22, it can be seen that under these definitions the forward backward-asymmetry expression reduces to
In cases where the integration over cos θ * is performed in a smaller effective interval ([−k, k]
where 0 < k < 1) due to some kinematic cuts, then the substitutions dy → dyk 2 and
can be made in the numerator and the denominator respectively.
These substitutions will be relevant in the following discussion where the AT LAS detector cuts are introduced.
Thus, the origin of the asymmetry is understood and can be summarized by simply
The forward-backward asymmetry coefficient A β f b depends on the couplings of the fermions to the Z 0 boson and is thus, sensitive to sin 2 θ W and it can be extracted by fitting Eq. 24
to the data. However, in the case of high statistics and where there are no kinematic cuts, a direct measurement could be done by simply counting the forward and backward events N β f /b . These are manifestly given relative to the boost direction if cos θ * β was first used
A detailed discussion of the polar angle distribution and the asymmetry is given in the following sections including the effects of Initial State Radiation (ISR).
Validation results with γ/Z 0
Using the expression given in Eq 15 events were generated simulating colliding proton beams at the CM energy of 14 TeV with no cuts applied, and all the parton-level switches were turned off. Considering only the di-muon final state, all other decay modes of the γ/Z 0 were also turned off. The same validation procedure described previously is repeated, combined with the comparison of the hadronic cross section shapes. As a second validation stage, the code Pythia8 uses internally was copied and was plugged-in as if it was an external process. In the following this is referred to as the semi-external validation. Table 2 . Note that since in this section, the generation is stopped at the hard process level, the asymmetry results are likely to be slightly modified by initial state radiation and will be discussed in a later section, but this should not, in practice, modify the agreement between the results of the three implementations. The agreement between the total cross section values in Table 2 is to within ∼3-sigma, where most of this difference might be due to the phase space sampling. The forwardbackward asymmetry values in Table 2 , extracted from the three cos θ * β distributions, agree to within ∼0.1-sigma. 
where m n is the higher dimensional mass and R is the radius of compactification. The mode n = 0 is identified with the 4d (SM) state, while the higher modes have the same quantum numbers as the lowest, but with increasing mass. Within this model, the couplings to fermions of these excited modes are larger than the known couplings of the zero modes (SM bosons) by a factor of √ 2 due to the normalization of the KK excitations [7, 13, 20] .
In this paper, only in the excitations of the Z 0 and the photon shall be considered. If such KK states exist, they have to exceed the lower bounds on their mass, based on their indirect effects associated with their tower exchange. These bounds rely upon a number of additional assumptions, notably, that the effect of KK exchange is the only new physics beyond the SM. In the 5d case, a global fit to the precision electroweak data including the contributions from KK gauge interactions yields R −1
4 TeV [13, [20] [21] [22] . The reader is referred to the appendix for a derivation of the KK tower for a 5d real massless scalar field.
In the following discussion, the notation m * ≡ R −1 is used.
Additional heavy Z-like boson production
A similar deviation from the SM cross section coming from KK excitations of γ/Z 0 , may be observed also in models with an additional heavy gauge boson [8, 9, 12] . Several Grand Unified Theories (GUTs) postulate that the SU(3), SU(2) and U(1) symmetry groups of the SM have a common origin as sub-groups of some larger symmetry group G. It is supposed that at large energy scales, this symmetry is valid but below some critical energy scale, G, it is spontaneously broken. This kind of GUT predicts at least one additional gauge boson after the symmetry is broken to the SM. In these models, the extra neutral gauge bosons are usually denoted by Z ′ .
For comparison with the KK model, one specific model that is featuring at least one Z ′ boson (light enough to be detected at the LHC) was considered. These models can come from the breaking of the E 6 group which is a popular candidate to GUT symmetry. The Z ′ can be observed as a peak in the di-lepton mass distribution above a small background, and the LHC discovery potential for that is reasonably high and well known [23] . If a resonance is observed at the Z ′ or γ * /Z * hypothetical mass at the LHC, a discrimination mechanism between these two candidates would be required. In specific circumstances, this discrimination is possible [12, 24] , however, for both the generation of the KK events and the discrimination mechanism, a somewhat different approach is considered in this paper. Out of the possible ways to break the E 6 group, the following shall be considered
The different couplings of the new gauge field to the SM fermions within these models can be found elsewhere [12] . Another scenario often 
Therefore, this will be the choice for the following discussion, where this specific model shall be denoted by Z ′ SM . In this paper, the mass of these new bosons are taken to be 4 TeV, same as the mass of the KK bosons.
The KK implementation in the LHC scenario
As mentioned in the introduction, the LHC represents a new frontier in the search for heavy resonances. Each of the resonances in the KK tower discussed here could be produced by a similar mechanism to the light SM bosons. From an experimental stand point, most of the considerations described in the previous sections hold also for the KK case.
In the parton level, the process→ γ * /Z * → l + l − can be expressed in terms of the following differential cross section
where the complete amplitude consists of the SM term, exactly the term given in Eq 11, plus an infinite KK tower of excitations with increasing mass,
≡M λqλ l and where each contribution for n > 1 can be written as
Recalling Eq 26, the n th KK excitation masses m 
As discussed previously, the current limits on the m * value are approaching 4 TeV and the LHC is expected to enable the expansion of the the search region. Practically, the mass m * =4 TeV is the value taken for the KK amplitudes as well as arbitrarily choosing an upper limit of n = 100 which is large enough so that in practice, higher excitations do not play a significant rôle within the accessible LHC energy range. Even though all the KK excitations higher than the first are beyond the reach of the LHC, their presence still affects the accessible LHC energy range due to interference contributions which are non-negligible even at energies far below their masses. As mentioned, the couplings of the excited KK states to fermions are larger than the SM ones, Eq 12, by a factor of √ 2;
where as in the previous section, the index f can either represent the incoming quark or the outgoing lepton. The sums
are the total γ * and Z * decay widths to all fermion-antifermion pairs denoted by FF . Considering the SM terms from Equations 13 and 14, these forms are affected by the √ 2 factor introduced in Eq 31. In addition, with respect to the SM terms, a single power of the mass appearing in Eq 14, is replaced with the nominal mass (See Eq 30), starting from Eq 14 for the Z * and from Eq 13 for the γ * ,
This process can be realized as shown in Fig 5. Form the MC event generator stand point, in order to account for the entire KK tower -namely a large enough n -the amplitude itself should be coded as a complex expression so that all the interference terms will emerge. For instance, in the γ/Z 0 case in Pythia8, the amplitudes are pre-calculated and separated into the three different contributions (γ, Z 0 and interference). Hence it is clear that in case of large number of diagrams, there will be many consequent interference terms and it is difficult to calculate and code. 
Analytic results
In the following discussion, the general behavior of the cross section is studied under the LHC conditions, within the kinematic range of interest defined by several selection criteria.
Specifically, the di-muon final state, pp → γ * /Z * → µ + µ − , is chosen for this preliminary study. The range of interest is determined by p T > 10 GeV and |η| < 2.5 which corresponds approximately to the AT LAS trigger and detector acceptance. To complete this definition, another threshold on the di-muon invariant mass is considered:
The restricted range implies that the hadronic distributions given in Equations 6, 7, 9 and 23 should be modified since they were obtained by integrating over cos θ * within |cos θ * | ≤ 1, whereas the effect of the cuts is restricting it to |cos θ * | ≤ |cos θ * max | given by
where η cut = 2.5, p cut T = 10 GeV, and y is the rapidity of the lepton pair. Due to these cuts, y and √ŝ are consequently confined to |y| < 2.5 and √ŝ ≥ 2p cut T . Using the same analytic approach, the two expressions in Eq 33 can be inverted to obtain the effective cuts onŝ. An estimation for the number of events that are expected to be measured by the AT LAS detector in the range of interest is necessary for generating the MC pseudo-data samples with a realistic size. The mass range considered is, 1 ≤ √ŝ ≤ 6 TeV with integrated luminosity of L =100 fb −1 . After applying the selection cuts a total number of ∼400 KK events are expected in that overall mass range at the respective luminosity and ∼190 KK events in the KK peak area, 2 ≤ √ŝ ≤ 5 TeV, see Table 3 . The number of events in the overall mass range of interest, 1 ≤ √ŝ ≤ 6 TeV, will be used as an input for the simulation.
The analytical function for the forward-backward asymmetry relative to the boost direction, denoted by A β f b , is shown in Fig 7. Large differences between the forward-backward asymmetry for the Z ′ SM and the KK models around the KK resonance are apparent. Depending on the integrated luminosity, these expected differences, together with the observation of a significant peak, might enable the discrimination between the three models. As illustrated in Table 3 , the statistics in this range of masses is expected to be poor and as such, calculating the asymmetry in a wider region might be necessary. To give a prediction
TeV, the theoretical function is averaged over √ŝ ,
The predicted values for this averaged asymmetry, A β f b , in LO are summarized in Table 4 . 
Strategy of the experimental kinematics study
It is useful to define the di-lepton squared invariant mass, Q 2 = Q ν Q ν =ŝ and its transverse momentum,
, can also be defined It is useful to write the rapidity of the di-lepton system The unique 2d distribution seen in Fig 8 is the first comprehensive result of the entire
Moses and Pythia8 framework that is being presented. It illustrates several aspects of the KK process which can be seen in it very clearly. To obtain this plot, a sample of 10 6 KK full events was generated using Moses and Pythia8, including all steps of the complete event generation. The events were selected such that they are within the kinematic range of interest introduced in the previous sub-section. The KK resonance can be seen around √ŝ ∼4 TeV with two distinct Q T tails, one vertical which is associated with the ISR effect and the other one diagonal which is associated with the FSR effect. This picture, of initial and final state radiation, piles up more complication as can be clarified in the next discussion.
Thus, from the Q T distribution of the di-lepton system (with respect to O frame), it can be clearly seen that the di-lepton CM has a non-negligible momentum in the transverse direction due to the radiation of the initial state gluon or final state photon. The tails seen in the Q T distribution in Fig 8 can be rather large, causing once more a problem for the way cos θ * is defined.
Following the results seen in Fig 8, if the FSR switch in Pythia8 is turned off then the related Q T diagonal tail vanishes, as expected, and no corresponding shift in the invariant mass occurs. In addition, turning off the ISR as well, then the vertical Q T tail does not extend significantly above at Q T ∼10 GeV rather than the ∼1 TeV shown in Fig 8. However, further consideration of these phenomena suggests that they may not have a significant effect on the overall kinematic distributions.
For di-muon events where the FSR photon has sufficiently high transverse energy, the measured muon might fail the p T > 10 GeV cut and this would affect the distribution.
However, in this case, the photon itself should be sufficiently well separated from the muon so that it can be detected independently. On the other hand, for di-electron events with a photon being sufficiently collinear with the electron, the calorimeter cluster would include both the electron and photon and the reconstructed energy would correspond well to the initial electron energy before radiation. In any real study, the effect of final state photon radiation can be simulated and the effect on the trigger and selection efficiency can be investigated. However, this case will not be discussed further here. The case of ISR gluon requires more attention and will be discussed in the next section.
Handling with the ISR effect
To consistently handle the effects of ISR, since the boost direction no longer coincides with the beam axis, it is not clear which axis should be used for the measurement of cos θ * .
There are two approaches to deal with that problem;
• minimize the ISR and FSR effects by applying a cut on large Q T 's (ie, Q T < Q max T ∼ O(100 GeV)), where for most of these events, the di-muon system momentum will be along the beam axis. In this case, the LO formalism where there is no ISR effect is valid and can be used. However this will reduce the number of events in the sample.
• analyze the events while taking into account the ISR, by rotating the di-lepton rest frame by some angle so that the z-axis will be slightly modified. A common choice is the Collins-Soper (CS) reference frame [25] [26] [27] , denoted here by O ′ . It can be shown that this choice, minimizes the contribution from longitudinally polarized γ * /Z * which can be produced due to the gluon ISR and thus, can affect the angular distribution.
Note that in the O ′ frame, cos θ ′ again has the sign ambiguity previously discussed. This ambiguity results from our arbitrary selection of the original z direction in the O frame.
This implies that a reclassification of cos θ ′ can be performed with respect to the rapidity sign such that if y Q < 0 then cos θ ′ → − cos θ ′ . This is possible since in most of the events, the CS rotation angle will be small enough so the choice of the z ′ axis will point approximately in the direction of one of the protons (
where the coefficients A 0 and A 4 can be functions of the kinematic variables s,ŝ, y Q and Q T , and where for each event cos θ ′ should be calculated relative to the sign of y Q .
Finally, the forward-backward asymmetry in the CS O ′ frame can be realized from the last expression as A A 4 and, as expected, now depends on bothŝ and Q T . The resulting forward-backward asymmetry should be unaffected by the gluon ISR and the consequent transformation to the CS frame, so the only affected part is the symmetric one that involves A 0 . This coefficient is relevant for the examination of the complete cos θ ′ distribution.
The angular distribution given in Eq 36 corresponds to an exchanged particle with spin-1 and in that context, the cos θ ′ distribution of a spin-2 particle such as the graviton, exhibits a completely different behavior [14, 15, 28] . As mentioned in the introduction, a spin classification should be also done.
The motivation for extracting the angular coefficients
The motivation for extracting the A 4 coefficient is the insight it can provide on the couplings of the new heavy gauge bosons to the SM fermion fields. Apart from that, there is a possibility that this coefficient may support the discrimination between the two spin-1 models, as well as a spin-2 model. However, it is clear that extracting the coefficients from the pseudo-data and comparing with the MC reference coefficients, can give no more discrimination than comparing the distributions themselves.
As illustrated in Table 4 and in Fig 7, the two non-SM forward-backward asymmetry coefficients differ significantly for any mass in the range 2 ≤ √ŝ ≤ 5 TeV. However, the values given in Table 4 , considered as an analytic results, are averaged and also not strictly accurate for the following analysis since the ISR (and FSR) effect was not included. In the case of ISR, the measured asymmetry is expected to slightly change and in addition, there is another coefficient, the symmetric A 0 (vanishing in the case of no ISR). Thus, the best estimation for these coefficients, under the influence of ISR, can come from a high statistics MC reference sample 6 (for each model). The coefficients can be extracted by fitting the cos θ ′ distribution (given in Eq 36) corresponding to the high statistics MC reference sample and this is done also for the realistic statistics (e.g. pseudo-data with L = 100 fb −1 ) to quantify how well it might work. In that sense, it should be stressed that although the A 0 coefficient is relevant for the complete cos θ ′ distribution study, its role here is no more than to technically improve the fit whose primary objective is the forward-backward asymmetry coefficient. The cuts on p T , η and √ŝ , introduced in the previous section, are applied on all the samples.
The discrimination between the spin-1 models
As mentioned in the introduction section, having the large MC reference samples and the L=100(500) fb −1 pseudo-data samples, the comparison can be performed using the Kolmogorov test for the √ŝ and the cos θ ′ distributions. Each distribution exhibits a special characteristic behavior for the examined model. In that context, the Kolmogorov test can also provide good sensitivity for the determination of the spin of the exchanged particle.
6 high statistics compared to the expected between 1 TeV and 6 TeV, see Table 3 4
.4.4 The strategy
The strategy used to classify the observed signal, can be summarized in four points:
1. searching for a significant resonance in the di-muon √ŝ distribution above the small expected SM background.
2. comparing the cos θ ′ distribution around the resonance to a spin-1 and spin-2 resonance distributions. This step is not shown in this paper 7 .
assuming a spin-1 resonance, 3. comparing the √ŝ and cos θ ′ distributions to all three MC reference distributions.
4. fitting the cos θ ′ distribution from Eq 36 to the data.
In the next sub-section, a collection of results obtained from the preliminary analysis at the generator level are gathered and shown in detail.
A collection of the results
In the first part of this subsection, a detailed discussion is given on the Maximum Likelihood 7 Optionally, the azimuthal angle distributions can also be used for this purpose [16] . 
The Kolmogorov test for the cos θ ′ and √ŝ distributions
The returned value of the Kolmogorov test is its probability, ie, a value much less than one means NOT compatible [2] . The unbinned Kolmogorov test is chosen for two reasons; first, at low statistics it is usually better to perform an unbinned analysis and second, it does not add more arbitrary systematics that have to be studied due to sensitivity to arbitrary binning choices. The unbinned test results are summarized in Tables 6 and 7 . In light of the results seen in Tables 6 and 7 , it should be mentioned that a binned Kolmogorov test can provide better results (ie, the models will be more self-compatible and less inter-compatible), depending on the arbitrary choice of the binning.
A summary of the overall procedure
1. Looking at Table 5 and comparing the values of A 0 and A f b around the expected resonance, it can be concluded that:
• Based on the fit results for the A CS 0 coefficients, for the three models (in the CS O ′ frame), they turn out to be consistent with zero.
• At L=100 fb −1 , the values of A CS f b for the three models are compatible with their MC reference estimations within less than one sigma.
• At L=500 fb • The errors for A CS f b in both luminosities are too high. Hence, the sensitivity for probing the couplings using the measured A CS f b coefficients requires larger samples. Table 6 for the cos θ ′ distributions, it can be concluded that:
From the unbinned Kolmogorov tests in
• There is clear distinction between the KK model (pseudo-data) and the Z ′ SM model (MC ref') at L=500 fb −1 as well as at L=100 fb −1 .
• The Z 3. From the unbinned Kolmogorov tests in Table 7 for the √ŝ distributions, it can be concluded that:
• As expected, there is a clear compatibility between all three models (pseudodata) to the data simulated with the equivalent at L=500 fb −1 and even at L=100 fb −1 except for the Z ′ SM model at L=100 fb −1 which is very small (∼0.016)
• There is a significant distinction between the KK model and the Z ′ SM model at both luminosity values. The important conclusion is that assuming an observed spin-1 resonance at √ŝ ≃ 4 TeV, above the SM background, it will be possible to distinguish between the KK and Z ′ SM models based on the Kolmogorov test for the √ŝ distributions, already at L=100 fb −1 .
For the cos θ ′ distributions, the Kolmogorov test and the ML fit for the forward-backward asymmetry measurement can be very important in providing supportive information for such a discrimination. This conclusion is valid already at L=100 fb −1 but it is much stronger for L=500 fb −1 . In addition, it is clear that for both luminosities, the measurement of A CS f b is too coarse for placing a precision statement about the new exotic couplings and it is only at higher integrated luminosities where a more sensitive study can be performed.
Conclusions and Outlook
In this paper the scenario of an observed resonance around 4 TeV, arising from the measurement of di-muon events is discussed. It is shown that for the LHC, it will be possible to discriminate between the specific KK model and the Z ′ SM model described in this paper assuming collisions in the design energy √ s = 14 TeV and assuming integrated luminosity of L=100 fb −1 . This statement relies both on the measurement of the √ŝ and cos θ ′ distributions and the measurement of the forward-backward asymmetry, applying as few cuts as necessary to deal with ISR. One should keep in mind that this conclusion can not be complete without passing the generated events through the full AT LAS detector simulation. In that context, it should also be commented that:
• It is mandatory to apply a full detector simulation in order to treat the Kolmogorov unbinned (single) test as a single experiment. Furthermore, one needs to repeat these experiments with large number of generated pseudo-data samples to quantify the sensitivity of the test.
• The comparison should also be done with a spin-2 model (namely, the RS graviton).
In that context, the azimuthal angle distribution can be used as well [16] .
• A measurement of both di-muon and di-electron events will double the statistics shown here.
• Since the number of events is linear to the integrated luminosity, then it is clear that a sample much smaller than L=100 fb −1 will not be sufficient for any discrimination.
• In the first year of the LHC operation, it is expected that the collisions will take place at √ s =7-10 TeV CM energy and the luminosity is not expected to exceed 0.2-0.3 fb −1 . In this case it will not be possible to discover in the first year a resonance at 4 TeV related to any of the models discussed in this paper.
• For the possibility of no observed resonance below the current lower bound on m * (∼4 TeV for KK), one should be able to place a new lower bound on its mass as demonstrated in [29] .
• Finally, the unique behavior of the invariant mass distribution of the KK model below the resonance may provide hints for the existence of such a resonance even if it is beyond the LHC reach.
The preliminary analysis presented here is based on results from the combination of Pythia8 and the new Moses software. The specific Kaluza-Klein model is now implemented in Moses. As declared, this is the first phase towards integration inside Pythia8
as an internal process.
Other plans include interfacing this generator to the AT LAS detector simulation software for continuing the systematic analysis, generalize and re-order this framework as can be expected from the next releases and, enhance this framework with more BSM processes.
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Our thanks are given to Y. Oz, and E. Yurkovsky where C ± n are constants. If we postulate that the ED is compact such that it is curled into a one-dimensional sphere S 1 of radius R then the specific translation invariance z → z + 2πR of ψ n (z) implies that the BC are periodical ie, ψ(πR) − ψ(−πR) = 0 ⇔ e 2πiRmn − 1 = 0 ⇔ m n = n R
Therefore, Eq 43 translates to m
where we see that the massless mode does exist as required, ie, m 0 4d = 0. However, in Eq 26 we saw that the mass we observe in 4d consists of the KK excited term n R but also from another fixed term m 0 which is identified as the 4d state. We know that this term can be non-zero and that it is the Higgs mechanism which is responsible for creating the 4d mass m 0 . Thus, we obtained the full expression for the KK tower in this specific topology. If we also define a parity operation on the interval z ∈ [−πR, πR] then we obtain the z → −z mapping. This implies that there are two special, fixed points z = 0, and z = πR which are left invariant by this Z 2 operation when combined with the periodicity property.
The eigenfunctions that build ψ n (z) must now respect the discrete Z 2 parity symmetry so the solution for ψ n (z) given in Eq.(44) has to be modified to either an even solution 
B.2 Basic usage
All the executables go in the bin/execs directory and they can be ran directly from there. To see the list of executables, run ls -lrt bin/execs. To run a certain executable (executable name), run $MOSESSYS/bin/executable name.
There is a special helper script for handling with running and re-making the vari- particular there are analysis directories that encapsulate several analysis tasks, some of which presented in this paper. 
